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I. PART 1 .  INVESTIGATION AND TECHNICAL PLAN 
A. SUMMARY 
T h i s  r e p o r t  summarizes t h e  progress  made i n  our i n v e s t i g a t i o n  o f  f o r e s t  
p roduc t iv i ty  assessment u s ing  TM and other  biogeographical  data du r ing  t h e  
second s i x  month per iod of t h e  grant .  For appropr i a t e  background of  study 
o b j e c t i v e s  and s t a t u s  after t h e  first s i x  months, r e f e rence  i s  made t o  Report 
1. 
Severa l  hardware, software, and data c o l l e c t i o n  problens  encountered 
e a r l y  i n  t h e  study have been conquered. GIS data from o the r  systems have been 
converted t o  ERDAS format  f o r  i nco rpora t ion  w i t h  the  image data. 
c o l l e c t e d  f o r e s t  p roduc t iv i ty  data a re  a v a i l a b l e  f o r  s eve ra l  s tudy sites. 
Stat is t ical  a n a l y s i s  of  t h e  r e l a t i o n s h i p  between spectral va lues  and 
F ie ld  
p r o d u c t i v i t y  is being pursued. Tasks completed per  study area are presented  
i n  Table 1 .  
Given t h e  e a r l y  se tbacks ,  progress  i s  now be ing  made a t  a s a t i s f a c t o r y  
rate. Several p r o j e c t  sites, inc luding  Jackson,  Pope, Boulder, Smokies, 
and Huntington Fores t ,  are evolv ing  as t h e  most i n t e n s i v e l y  s t u d i e d  areas, 
p r imar i ly  due t o  a v a i l a b i l i t y  of data and time. While o t h e r  s i tes  w i l l  be 
s tud ied ,  concen t r a t ing  our  e f f o r t s  on these fewer areas now promises t h e  
most i n t e r e s t i n g  and thoroughly tested r e s u l t s .  
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B. INTRODUCTION 
I n  t h i s  second semi-annual report ,  w e  w i l l  b r i e f l y  describe p rogres s  made 
over t h e  past s i x  months. I n  t h e  i n t e r e s t  of time, we w i l l  r e p o r t  only t h e  
p o i n t s  no t  descr ibed  i n  t h e  first semi-annual r e p o r t  of March, 1986 (hereafter 
referred t o  as  Report 1 ) .  
has cont inued;  i t  w i l l  t h e r e f o r e  be necessary t o  refer to  Report  1 t o  get a 
good picture of progress  t o  date. 
Obviously, much of the work in t roduced  i n  Report 1 
The report is div ided  i n t o  two pa r t s :  I. I n v e s t i g a t i o n  and Technical 
Plan, and 11. Appendices. I n  Pa r t  I, w e  d i s c u s s  p rogres s  w i th  data 
a c q u i s i t i o n  and q u a l i t y  checking, more details  on experimental  sites, and 
b r i e f  summarizations of  research results and f u t u r e  plans.  . Part  I1 
i n c l u d e s  appendix material on personnel, c o l l a b o r a t o r s ,  faci l i t ies ,  si te 
background, and meet ings and pub l i ca t ions  o f  t he  i n v e s t i g a t o r s .  
C. DATA ACQUISITION AND Q U A L I T Y  CHECKING 
1 .  TM data . 
Report 1 summarizes t h e  TM data provided by NASA f o r  the study. 
Addi t iona l ly ,  eight Scrounge scenes  were s e n t  t o  cover areas where t h e  TM 
data q u a l i t y  was poor. These were provided w i t h  t h e  understanding t h a t  new 
a c q u i s i t i o n s  f o r  our p r o j e c t  would be d i scont inued  because of excess ive  c o s t s  
of  EOSAT data. 
2. Anci l la ry  Data 
a. I l l i n o i s  G I S  Data 
The I l l i n o i s  Geographic Information System has, as pa r t  of its 
database, a 1:40,000 scale i n t e g r a t e d  t e r r a i n  u n i t  database f o r  a 44 7.5 
minute quad area i n  southern  I l l i n o i s .  The database was developed f o r  t h i s  
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area because of its high concent ra t ion  o f  surface-minable  coa l ,  and the  
need t o  d e r i v e  impact a n a l y s i s  from coal development. The i n t e g r a t e d  
t e r r a i n  u n i t  mapping i n c l u d e s  a l a r g e  amount of p r e - d i g i t i z i n g  c a r t o g r a p h i c  
e f f o r t  which allows r e c t i f i c a t i o n  o f  s eve ra l  maps. For example, water 
bodies  were d ig i t ized  off  USGS 7.5 minute topographic  maps, and t h e  
vege ta t ion ,  soils, and landform maps were matched t o  t h e  same water body 
coverage. S imi l a r ly ,  common na tu ra l  vege ta t ion  and s o i l  boundaries  were 
drawn t o  match each o t h e r  rather than c r i s s - c r o s s  each o the r  t o  form 
v s l i v e r s v ,  a seve re  aggrava t ion  i n  d i g i t a l  G I S  processing.  The i n t e g r a t e d  
t e r r a i n  u n i t  i n c l u d e s  data on s o i l s ,  from the  S o i l  Conservat ion Se rv ice  
na t iona l  mapping program a t  the county l e v e l  ( abou t  3 acre r e s o l u t i o n ) ;  
v e g e t a t i o n  i n c l u d i n g  wet lands,  as i n t e r p r e t e d  from 1981-1982 Nat ional  H i g h  
A l t i t i u d e  Program (NHAP) C I R  photography; s lope ,  as i n t e r p r e t e d  from USCS 
7.5 minute topographic  maps; and landforms, also i n t e r p r e t e d  from USGS 
maps. 
For t h e  Pope and Jackson  study areas, each of the l a y e r s  has been 
d i s so lved  o u t  of the i n t e g r a t e d  t e r r a i n  u n i t  and s o i l s  and v e g e t a t i o n  
classes have been conver ted  t o  ERDAS format f o r  processing.  
poss ib l e  v e g e t a t i o n  classes i n t e r p r e t e d  f o r  f o r e s t  l and ,  i nc lud ing  
d i s t i n c t i o n  by height of tree canopy ( t a l l ,  in te rmedia te ,  s h o r t ,  sh rub) ,  
f o r e s t  type  (deciduous,  coni fe rous ,  mixed) , and canopy c l o s u r e  (80-100% 
cover,  30-80% , and 10-30%). I n  addi t ion ,  t h e r e  are composi t ional  classes 
a s s o c i a t e d  w i t h  t h e  above s t r u c t u r e  classes, (i. e. , mixed ha rd  hardwoods, 
mixed oak, oak-hickory, cottonwood-willow-sycamore, mixed s o f t  hardwoods, 
mixed hardwoods, o the r  f o r e s t ) .  
There are 30 
The s o i l s  c l a s s e s  are  coded i n  by s o i l  mapping u n i t .  For I l l i n o i s  
s o i l s ,  t h e  s o i l  mapping u n i t  can then  be related t o  numerous o t h e r  datasets 
which provide a great deal of information about  t h e  s o i l .  Some v a r i a b l e s  o f  
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i n t e r e s t  t o  u s  i n c l u d e  p roduc t iv i ty  index f o r  hardwood timber (bd - f t / y r )  , s o i l  
th ickness ,  texture, etc. 
b. E leva t ion  Data 
Digital e l e v a t i o n  data are an  important i n g r e d i e n t  i n  our  e f f o r t  t o  
measure r e l a t i v e  f o r e s t  p roduc t iv i ty .  
p r i n c i p l e  sources :  d i g i t a l  t e r r a i n  data  d ig i t i zed  by t h e  Defense Mapping 
Agency (DMA) fram 1 :250,000 scale quadrangles  and Digi ta l  E leva t ion  Models 
(DEM) o f  1:24,000 scale quadrangles  produced by t h e  U.S. Geological  Survey. 
During t h i s  r e p o r t i n g  per iod  we have worked t o  1 )  o b t a i n  t h e  necessary data, 
2 )  o b t a i n  o r  develop programs t o  read  and manipulate the  data,  and 3) v e r i f y  
t he  s u i t a b i l i t y  of the r e s o l u t i o n  and accuracy of t h e  data f o r  our research. 
To date we have  obta ined  t h e  fo l lowing  data: 
Such data are be ing  ob ta ined  from two 
* 18 DMA quads cover ing  all of I l l i n o i s .  
i s  one second of  l a t / l o n g  (about 63.5 meters). 
The r e s o l u t i o n  on  these data 
4 DMA quads ( p o r t i o n s )  covering s tudy  areas i n  Whiteface Mountain, 
Cus ter ,  Sierra Nat ional  Fores t ,  and Coweeta. These data have a 
r e s o l u t i o n  o f  2.5 seconds o f  l a t / l o n g  (about  158 meters). 
* 3 DEM quads. cover ing  s tudy  areas  i n  Cades Cove, Thunder Head, and 
S i le rs  Bald,  a l l  l o c a t e d  i n  the  Smokies. 
c. North Central  Fo res t  Experiment S t a t i o n  data 
The p r o j e c t  h a s  bene f i t ed  by exce l l en t  coopera t ion  from the  NC Fores t  
Experiment S t a t i o n  personnel,  e spec ia l ly  Bert  Essex and Mark Hanson, from the  
S t .  Paul o f f i ce .  The U.S. Fores t  Serv ice  completed a de ta i led  inventory  of  
t h e  S ta te  of I l l i n o i s  i n  1985, with a sampling i n t e n s i t y  of 121 photo p o i n t s  
per  township and about s i x  ground p l o t s  per township. The ground p l o t  
e v a l u a t i o n  inc luded  s e v e r a l  measurements re la ted t o  f o r e s t  p roduc t iv i ty ,  
i n c l u d i n g  estimates of timber volume, green biomass, and basal area. 
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We have been g iven  a tape of the e n t i r e  data set f o r  I l l i n o i s .  
f o r  Southern  I l l i n o i s  (which i n c l u d e s  Jackson and Pope c o u n t i e s )  have been put  
i n t o  t he  ARWINFO geographic  information system and some pre l iminary  data 
manipula t ion  has  been done. 
reselected ou t  of the data base and mapped on a UTM based p r o j e c t i o n  o f  
Southern I l l i n o i s .  These data w i l l  be v a l u a b l e  f o r  ground t r u t h  i n  ou r  
r e g r e s s i o n  a n a l y s i s .  
The data 
The ground p l o t  l o c a t i o n  data have  been 
d. Other Fores t  Ground Data 
F i e l d  c o l l e c t e d  f o r e s t  growth data are a v a i l a b l e  f o r  154 p l o t s  i n  
t h e  Smokies. 
change i n  basal area as an  estimate of p roduc t iv i ty .  These p l o t s  are 
restricted t o  t h e  hardwood zones  o f  t h e  Smokies. It is  l i k e l y ,  however, that 
comparable data w i l l  be made a v a i l a b l e  f o r  about 20 sp ruce - f i r  p lo t s .  
I n  a d d i t i o n  t o  these data, 18  p l o t s  first measured and tagged i n  
Increment bor ings  were taken t h a t  allow f o r  c a l c u l a t i o n  of  
1976-77 throughout  t h e  Smokies, by Olson and Beckwith, are planned f o r  
remeasurement i n  t h e  f a l l  of 1986. 
D. EXPERIMENTAL, SITES AND SURROUNDING ( SUB 1 COUNTIES. 
A s  descr ibed i n  Report 1 ,  27 s i t e s  are be ing  pursued as  p o s s i b l e  areas 
f o r  f o r e s t  p roduc t iv i ty  a n a l y s i s  (Report 1 ,  Table 3 ) .  O f  these ,  major e f f o r t s  
t hus  f a r  have concent ra ted  on s i t e s  i n  t h e  Smokies, Adirondacks, Jackson, 
Pope, Calhoun, and Boulder. Anci l lary data have been acqu i red  f o r  t hese  
sites, i n c l u d i n g  informat ion  on s o i l s ,  vege ta t ion ,  e l eva t ion ,  and f o r e s t  
p roduc t iv i ty .  Most o t h e r  s i t e s  a l s o  have had a n c i l l a r y  data acqu i r ed  t o  some 
degree (Tab le  2 ) .  
Background material is cont inua l ly  being acqui red  f o r  all s i tes .  I n  
t h i s  r e p o r t ,  w e  provide informat ion  concerning t h e  Smokies area (Appendix D). 
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E. RESEARCH APPROACH AND PRELIMINARY RESULTS 
Data Handling Progress  and Problans. 
a. TM Data 
1 .  
A s  mentioned earlier, Scrounge data were provided by NASA f o r  areas o f  
poor TM data q u a l i t y .  A t  p resent ,  our hardware/software conf igu ra t ion  has  
not  allowed t h e  r e a d i n g  of these 6250 bpi  Scrounge tapes .  
module which reads Scrounge format  would r e q u i r e  mod i f i ca t ion  t o  t h e  PRIME 
o p e r a t i n g  system. We have temporarily she lved  t h i s  task u n t i l  t h e  ERDAS 
sof tware  h a s  been i n s t a l l e d  on t h e  PRIME (on  o r d e r ) .  
Running t h e  ELAS 
O u r  work w i t h  areas f o r  which we do have good q u a l i t y  TM data h a s  been 
made cons iderably  easier by t h e  add i t ion  of a B e r n o u l l i  Box 20 mg 
removeable cartridge d i s k  d r i v e  t o  the ERDAS PC environment. The 
cartridges are a f f o r d a b l e  enough that we can devote  one per study area when 
needed. Table 1 summarizes t h e  areas f o r  which TM data have been 
processed. 
b. G I S  
As mentioned i n  t h e  previous progress  r e p o r t ,  t he  GIS component of this 
p r o j e c t  i s  c r i t i c a l  f o r  improving t h e  in format ion  provided by TM. An 
impor tan t  phase of the G I 3  work i s  the  i n t e g r a t i o n  o f  t h e  PRIME AFtC/INFO and 
ERDAS sy.stems. ESRI and ERDAS have not y e t  completed t h e  necessary hardware 
and so f tware  development f o r  t h i s  i n t e g r a t i o n ,  a l though we hope f o r  i t  t o  
take place soon. We have been successfu l ,  however, i n  downloading ARC/INFO 
polygon f i l e s  t o  ERDAS u s i n g  POLYGRID (polygon t o  g r i d  ce l l  conversion i n  
ARC/INFO) and CSVF (ARC/INFO t o  ERDAS g r i d  format  conversion i n  ELAS) 
software.  
This conversion s t e p  h a s  allowed u s  t o  combine t h e  I l l i n o i s  GIS data 
f o r  Jackson and Pope Counties  w i t h  the TM data. G I S  v e g e t a t i o n  data are 
used t o  mask o u t  non-forest  s p e c t r a l  va lues  from cons ide ra t ion  i n  
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stat is t ical  an lys i s .  S o i l s  information i s  used t o  s t r a t i f y  f o r e s t e d  areas 
by s o i l  s u i t a b i l i t y  f o r  f o r e s t  production. I n  a d d i t i o n ,  s i te s p e c i f i c  
f o r e s t  p roduc t iv i ty  data are being used w i t h  extracted forest s p e c t r a l  v a l u e s  
f o r  r e g r e s s i o n  a n a l y s i s .  
c. Eleva t ion  Data. 
I n  o r d e r  t o  u t i l i z e  t h e  e l eva t ion  data w i t h  the 'I'M data we must read t h e  
data f i l es ,  reformat  them t o  a n  ERDAS readable format ,  and t r a n s f e r  them t o  
t h e  ERDAS works ta t ion .  
Management Information Center f o r  reading t h e  18 I l l i n o i s  quads o f  DMA data. 
The programs r e q u i r e d  mod i f i ca t ion  before they could be used w i t h  our tapes. 
We are c u r r e n t l y  i n  t h e  process  of reading t h e  data f o r  selected areas from 
t h e  tapes and producing contour  maps of the data. 
We ob ta ined  programs from the Minnesota Land 
These maps are used t o  
v e r i f y  the data and g i v e  us  some measurement of its accuracy. The f o u r  DMA 
quads o f  areas o u t s i d e  of  I l l i n o i s  a r e  s t o r e d  i n  a d i f f e r e n t  format  and some 
programming w i l l  be r e q u i r e d  t o  read and r e fo rma t  t he  data. The DEM data 
w i l l  be read by an ELAS module we are o b t a i n i n g  from John Merola a t  the 
Unive r s i ty  of Utah and re format ted  t o  a n  ERDAS readable format.  We expect by 
the end of  t he  next r e p o r t i n g  per iod to  have  developed procedures  f o r  
conve r t ing  a l l  of these data t o  t h e  ERDAS format,  and t o  have i n t e g r a t e d  
these data w i t h  o the r  G I S  v a r i a b l e s .  
d. AVHRR 
Prel iminary t e s t i n g  of  e x i s t i n g  harware/software compa t ib i l i t y  w i t h  an  
AVHRR LAC t a p e  obta ined  from the  Universi ty  of Missouri-Columbia has been 
accomplished. Though our test proved no insurmountable  problems i n  r e a d i n g  
t h e  data, i t  was dec ided  t o  delay f u r t h e r  e f f o r t s  w i t h  AVHRR. I nc lus ion  of 
smaller scale data i n  t h e  a n a l y s i s  i s  t h e  f i n a l  p r o j e c t  o b j e c t i v e ,  so work i n  
t h i s  area h a s  been postponed i n  preference of complet ing o t h e r  ob jec t ives .  
2. C o r r e l a t i o n  Analys is  
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For c o r r e l a t i o n  a n a l y s i s ,  we are combining G I S  s o i l s  data w i t h  G I S  
v e g e t a t i o n  data t o  compare w i t h  TM spectral data. Nonforest polygons are 
masked ou t ,  and i n d i c e s  o f  s o i l  p roduct iv i ty  are c o r r e l a t e d  w i t h  TM s p e c t r a l  
data ( i n c l u d i n g  v e g e t a t i o n  i n d i c e s )  f o r  each v e g e t a t i o n  class. 
For example, i n  Jackson  County, deciduous woodland p r o d u c t i v i t y  
i n d i c e s  have been calculated f o r  most s o i l s  i n  t h e  county, and range  
from 75 board f e e t / a c r e / y e a r  on r o c e  outcrop,  t h i n  s o i l s ,  t o  575 
board f e e t / a c r e / y e a r  on deep, narrow bottomland s o i l s .  I n  gene ra l ,  t h e  
most product ive  s o i l s  f a l l  i n  t h e  bottomland landscape  p o s i t i o n s ,  w i t h  
s l i g h t l y  less on  t h e  upland, t h i c k  loess s o i l s ,  and t h e  least  on t h i n ,  
rocky soils.  Some prel iminary work has been conducted t o  make t h e  
necessary data combinations,  but  no c o r r e l a t i o n s  have been run  t o  date. 
3 .  Regression Analys is  
A s  mentioned previous ly ,  a t ape  of  U.S. Fores t  S e r v i c e  inventory  data has 
been ob ta ined  f o r  I l l i n o i s .  Preliminary e f f o r t s  have focused on u t i l i z i n g  
these data as ground t r u t h  and as  t h e  dependent v a r i a b l e  i n  r e g r e s s i o n  
a n a l y s i s .  Independent v a r i a b l e s  include TM spectral channels,  r a t i o s ,  and 
v e g e t a t i o n  i n d i c e s ,  G I S  s o i l  thickness ,  soi l  p roduc t iv i ty  index, soil  
t e x t u r e ,  s lope ,  vege ta t ion  class, and p o t e n t i a l  sol&- beam i r r a d i a t i o n  
( P S B I ) .  The f inal  data tape from the USFS has j u s t  a r r ived .  
4 .  C l a s s i f i c a t i o n  Approach 
Unsupervised c l a s s i f i c a t i o n s  (50 c l a s s e s )  have been produced f o r  Jackson, 
Pope, Calhoun, and Grundy s tudy areas .  The classes are first examined t o  
determine a n  a c c u r a t e  forest-nonf  o r e s t  c l a s s i f i c a t i o n  for masking o u t  
nonfores t  s p e c t r a l  va lues  f o r  s t a t i s t i c a l  ana lys i s .  Results from t h i s  mask 
w i l l  be compared t o  those  from GIS vege ta t ive  mask where a v a i l a b l e .  
I n  a d d i t i o n ,  s p e c t r a l  classes which r ep resen t  f o r e s t l a n d  are grouped 
i n t o  r e l a t i v e  f o r e s t  p roduc t iv i ty  Classes us ing  p r i o r  knowledge of t h e  area 
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and t h e  presumed effects o f  s lope ,  aspect, and s o i l  characteristics on 
p roduc t iv i ty .  
p roduc t iv i ty  data. I n  a d d i t i o n ,  t h e  homogenity of  the f o r e s t  p roduc t iv i ty  
groups w i l l  be determined w i t h  d iscr iminant  a n a l y s i s  t o  test the  s p e c t r a l  
se p a r a b i l  i t y  of p roduc t iv i ty  . Re1 ativ e p roduc t iv i ty  cl assif ica  ti ons w i l l  
then  be made less  s u b j e c t i v e  by overlay of s l o p e  and s o i l s  in format ion ,  f o r  
example, and the  processes  d e s c r i b e d  above w i l l  be repea ted .  Fur ther  
de t a i l s  of  the d i sc r iminan t  a n a l y s i s  methods are g iven  i n  Report  1 ,  pp 
These groupings are v a l i d a t e d  u s i n g  ground f o r e s t  
12-13. 
5. S igna tu re  Comparison 
Vegeta t ion  has  been mapped i n  the  Ind ian  Peaks r e g i o n  of  t h e  Colorado 
Rocky Mountain Front  Range under N A S A  sponsorsh ip  du r ing  t h e  1960's and 
1970's by t h e  I n s t i t u t e  f o r  Arc t i c  and Alpine Research a t  the Univers i ty  of 
Colorado. Curren t ly ,  1 :10,000 scale vege ta t ion  maps o f  the f o r e s t  - a l p i n e  
ecotone sur rounding  the  Mountain Research S t a t i o n  a t  Niwot Ridge, Colorado 
are be ing  used as ground t r u t h  f o r  our a p p l i c a t i o n  of  Thematic Mapper 
d i g i t a l  data. Vegetat ion i s  ca tegor ized  by s t r u c t u r a l  and f l o r i s t i c  
i n d i c a t i o n s  on these maps. S t r u c t u r a l  c a t e g o r i e s  i n c l u d e  f o r e s t ,  f o r e s t  - 
a l p i n e  ecotone,  and a l p i n e  meadows. F l o r i s t i c  i n d i c a t i o n s  c a t e g o r i z e  
v e g e t a t i o n  by primary f o r e s t  spec ies .  
Both s t r u c t u r a l  and f l o r i s t i c  p a t t e r n s  have been d i g i t i z e d  and 
encoded i n t o  a G I S  l a y e r  f o r  t he  Niwot study area. Thematic Mapper data 
have a l s o  been geographica l ly  registered t o  these maps i n  o r d e r  t o  l o c a t e  
p o t e n t i a l  t r a i n i n g  sites. Current ly  only superv ised  t r a i n i n g  techniques  
have been used t o  assess t h e  s p e c t r a l  s e p a r a b i l i t y  of s t r u c t u r a l  and 
f l o r i s t i c  classes i n  t h e  TM data. I n  addi t ion ,  t he  s t r u c t u r a l  and f l o r i s t i c  
maps have  been combined t o  produce a composite map d e f i n i n g  the  
i n t e r s e c t i o n s  of these c l a s ses .  Additional t r a i n i n g  s i tes  have been 
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e x t r a c t e d  t o  e v a l u a t e  t h e  s p e c t r a l  complexity of s t r u c t u r a l  i n d i c a t i o n s  by 
v e g e t a t i o n  spec ies .  Prel iminary results are not  y e t  a v a i l a b l e  t o  f u l l y  
describe the  a b i l i t y  of TM data t o  d i sc r imina te  these ca t egor i e s .  
An unsupervised t r a i n i n g  device  is being developed i n  o r d e r  t o  more f u l l y  
eva lua te  t h e  s p e c t r a l  complexity of TM s p e c t r a l  data w i t h i n  t h e  s t r u c t u r a l  and 
f l o r i s t i c  polygons. This procedure i s  a "guided c l u s t e r i n g "  a lgo r i thm that 
p a r t i t i o n s  n-dimensional spectral r e f l e c t a n c e  p a t t e r n  i n t o  k-classes based on 
i n t e r a c t i v e  assessment of s p e c t r a l  s t a t i s t i c a l  p a t t e r n s  a s s o c i a t e d  w i t h  t he  
map polygons. This a n a l y s i s  i s  intended t o  e v a l u a t e  t he  i n t e r n a l  complexity 
of TM s p e c t r a l  data f o r  what are  considered homogeneous polygons from the 
s t r u c t u r a l  and f l o r i s t i c  maps. This  method should provide more "purett 
s ta t is t ical  s i g n a t u r e s  f o r  both s t r u c t u r a l  and f l o r i s t i c  classes. 
S p a t i a l  characteristics of  'I'M data f o r  t h i s  study area are a l s o  
being e v a l u a t e d  f o r  use i n  d i sc r imina t ing  s t r u c t u r a l  and f l o r i s t i c  
classes. Curren t ly ,  d i r e c t i o n a l  d e r i v a t i v e s  are be ing  computed t o  
produce composite ( h o r i z o n t a l ,  v e r t i c a l  and diagonal  1 g r a d i e n t  image 
maps from t h e  TM data. These gradien t  maps are  be ing  examined t o  
i d e n t i f y  boundaries  (edges) i n  t h e  TM scene f o r  s p a t i a l  comparison w i t h  
polygon boundaries  on t h e  s t r u c t u r a l  and f l o r i s t i c  maps. D i rec t iona l  
d e r i v a t i v e s  are a l s o  in tended  t o  be  used f o r  image c l a s s i f i c a t i o n ,  bu t  no 
par t icu lar  procedure has  y e t  been adopted f o r  t h i s  ana lys i s .  
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Part 11. APPENDICES 
A. PERSONNEL 
Dr.  Robin Lambert G r a h a m  recent ly  j o i n e d  ORNL and i s  now working as 
t h e  ORNL co - inves t iga to r  on t h i s  project .  She i s  p a r t  of a team of ORNL 
s c i e n t i s t s  involved  w i t h  landscape and r e g i o n a l  s t u d i e s  i n  t h e  ORNL 
Environmental S t u d i e s  Divis ion.  
as a research f o r e s t  e c o l o g i s t  f o r  Weyerhaeuser Company, a major U.S. 
Pr ior  t o  coming t o  ORNL, she was emplayed 
f o r e s t  company. As such, she b r ings  t o  t h e  p r o j e c t  cons ide rab le  experience 
both i n  modeling and measuring f o r e s t  p roduc t iv i ty .  She r ece ived  her 
d o c t o r a t e  i n  f o r e s t  ecology i n  1981 from Oregon State  Univers i ty  under D r .  
J e r r y  F r a n k l i n  of  the  USFS P a c i f i c  Northwest Fo res t  and Range Experiment 
S t a t i o n .  
worked w i t h  D r .  W i l l i a m  Re iners  and did research i n  t h e  sp ruce - f i r  zone of  
Her undergraduate  work was done a t  Dartmouth College where she 
t h e  White Mountains i n  N e w  Hampshire. 
D r .  J e r r y  Olson h a s  been i n  Uppsala, Sweden f o r  t h e  past s e v e r a l  months 
but  remains a c t i v e  i n  pursu ing  con tac t s  and data r e s o u r c e s  whi le  s t a t i o n e d  
there. Dr .  Paul  Risser h a s  moved t o  t h e  Un ive r s i ty  of N e w  Mexico where he 
assumed t h e  p o s i t i o n  o f  Vice President  f o r  Research on J u l y  1.  A l l  o the r  
personnel  are t h e  same as repor t ed  earlier. 
B. COLLABORATION 
C o l l a b o r a t o r s  provide a n  important aspect f o r  t h i s  p r o j e c t  s i n c e  we are 
dependent on so many sources  of  data. Some of the main c o l l a b o r a t o r s  h e l p f u l  
t o  u s  i n  t h e  pas t  s i x  months are a s  fol lows:  
1. Mr. Mark Hanson and Mr. Burt Essex from the  North Cent ra l  Fo res t  
Experiment S t a t i o n  i n  St. Paul, M N . 9  have provided u s  w i t h  USFS 
inventory  data f o r  I l l i n o i s  ground measurement p l o t s  which are used f o r  ground 
t r u t h  f o r  I l l i n o i s  sites. 
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2.  Mr. Les Maki and M r .  S t eve  Anderson from the Minnesota S t a t e  
Planning Agency, Planning Information Center,  provided u s  EPPL6 G I S  
grid-based sof tware  which has  been useful  i n  our d a t a  compa t ib i l i t y  problem 
s o l v i n g  e f f o r t s .  
3 .  Mr. Richard Durfee and Mr. Jer ry  Dobson, ORNL Computer Sc iences  
Sec t ion ,  have provided u s  w i t h  d i g i t a l  e l e v a t i o n  model f i l e s  processed through 
t h e i r  system. The f i l e s  i n c l u d e  some 7.5 base f i l e s  and some 1:250,000 scale 
files. 
4 .  D r .  John Merola, Univers i ty  of Utah Research I n s t i t u t e ,  
provided generous a s s i s t a n c e  wi th  ELAS modules. H e  debugged t h e  module 
needed t o  conver t  ARWINFO d a t a  f i l e s  t o  ERDAS, v i a  ELAS, and developed 
modules f o r  hand l ing  d i g i t a l  e l eva t ion  model (DEM)  f i les.  
C. FACILITIES AND EQUIPMENT 
Same changes have occurred  s i n c e  Report 1 .  A t  I"S, t h e  Prime computer 
h a s  been upgraded by networking t h e  PRIME 750 with a newly acqui red  PRIME 
9955. Combining t h e s e  machines h a s  increased  t h e  p rocess ing  c a p a b i l i t i e s  
by about f i v e  t i m e s  on  GIS manipulations o f  the data .  We are still w a i t i n g  
f o r  t h e  ERDAS software t o  be i n s t a l l e d  on t h e  PRIME. Other a c q u i s i t i o n s  
h e l p f u l  t o  t h e  p r o j e c t  a t  I"S include an AT-compatible Zenith-241 PC (used 
p r imar i ly  f o r  s tatist ics,  word processing, d a t a  e n t r y ,  and as a terminal to  
t h e  PRIME), and a n  Iomega B e r n o u l l i  Box which allows r a p i d  swapping of 20 
megabyte c a r t r i d g e s .  A t  both I"S and t h e  U I  Geography Department, a new 
v e r s i o n  of ERDAS sof tware  was i n s t a l l e d  which i n c r e a s e s  image process ing  
ca pa b i l  i ti es . 
D. RESEARCH S I T E  BACKGROUND. 
1 .  Great Smoky Mountain National Park, TN and SC 
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The Great Smoky Nat ional  Mountain Park was establ ished i n  1934 and 
encompases 209,000 h e c t a r e s  a long  t h e  Tennessee and North Caro l ina  
borders.  
a. Geography 
The park c o n s i s t s  o f  a complex s e t  of ridges and v a l l e y s  gene ra l ly  
o r i e n t e d  i n  a north-south d i r e c t i o n .  
2024m. Only 20% of the  landscape  i s  p r i s t i n e .  The o t h e r  80% has 
exper ienced  direct human d i s tu rbance  i n  t h e  form of logg ing  and farming, 
a l though these  a c t i v i t i e s  ceased w i t h  park es tab l i shment .  Human-set 
fires were f r e q u e n t  i n  t h e  wes te rn  h a l f  of the  park p r i o r  t o  1930 and 
t h e  ches tnu t  b l i g h t  (1920-1940) removed a major f o r e s t  dominant a c r o s s  
much of t h e  park. 
E leva t ion  ranges  from 270m t o  
b. Climate 
The climate i n  t h e  park i s  strongly in f luenced  by the  ab rub t  
changes i n  e l e v a t i o n  and t h e  complex topography of the Smokies. 
Tanperatures i n  February range from monthly mean of 4.4 C a t  445m t o  -1 -8 C a t  
1919m. Ju ly  temperatures a t  these same e l e v a t i o n s  average 22.1 C and 13.6 C 
r e s p e c t i v e l y  (Fig. .  1 ) .  
P r e c i p i t a t i o n  i n c r e a s e s  wi th  e l eva t ion  from 151cm a t  445m t o  230cm a t  
1919m. 
wettest. M a x i m u m  vapor p re s su re  d e f i c i t s  occur  i n  spr ing ,  e s p e c i a l l y  a t  t h e  
lower e l e v a t i o n s .  (Fig.  2 ) .  
October i s  t h e  dr ies t  month w h i l e  February and March are t h e  
c. Vegetat ion 
Complex topography and e x t e n s i v e  d i s tu rbance  have created a 
complex, f i n e l y  pa t t e rned  mosaic of  vege ta t ion  communities. 
Success iona l  f o r e s t s  cover much of the park. Cove f o r e s t s  con ta in ing  
such s p e c i e s  as  Fagus g r a n d i f l o r a ,  Ti l ia  he t e rophy l l a ,  Llr iodendron 
t u l i p i f e r a  and Aesculus oc tandra  are found i n  shel tered p o s i t i o n s  a t  mid 
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e leva t ions .  On exposed low t o  middle e l e v a t i o n  s lopes ,  Quercus pr inus ,  Pinus 
pugens, Nyssa s y l v a t i c a ,  Oxydendron arboreum, and Acer rubrum are found. On 
t h e  h ighes t  s lopes ,  pa r i cu la ry  i n  t h e  n o r t h e a s t e r n  h a l f  of the park sp ruce - f i r  
f o r e s t s  dominate (P incea  r u b r a  and Tsuga canadens is ) .  I n  r e c e n t  y e a r s  t h e  
balsam wooly aphid has s i g n i f i c a n t l y  impacted these high e l e v a t i o n  f o r e s t s .  
d. Databases 
The v e g e t a t i o n  of  the park  has  been ex tens ive ly  s tud ied ,  a l though only 
one detai led v e g e t a t i o n  map exists for  the e n t i r e  park and i t  was created 
i n  t h e  mid 1930's. S o i l s  data, l i k e  much of t h e  v e g e t a t i o n  data, tend t o  
be study s p e c i f i c  and consequently s p a t i a l l y  patchy. We have, however, 
been able t o  l o c a t e  and a c q u i r e  a uniform p roduc t iv i ty  dataset cover ing  127 
f o r e s t  p l o t s  scattered i n  t h e  Cades Cove and Thunderhead USGS quadrangles  
of t h e  park. This data set  c o l l e c t e d  f o r  a Univers i ty  of  Tennessee t h e s i s  
c o n t a i n s  f o r e s t  p roduc t iv i ty  data, i n  a d d i t i o n  t o  GIS data such as s lope,  
aspec t ,  f o r e s t  type,  e l e v a t i o n  and so i l  q u a l i t i e s .  Addit ional  f o r e s t  
p roduc t iv i ty  data f o r  20 p l o t s  i n  the sp ruce - f i r  zone may become a v a i l a b l e  
t o  u s  i n  e a r l y  1987. 
p l o t s  es tabl ished by D r .  J. Olson and Mr. R. Becking i n  1976 and 1977. 
These p l o t s  w i l l  further enhance our  database. 
We hope t o  a l s o  remeasure 1 8  monumented f o r e s t  growth 
There i s  c u r r e n t l y  an  ORNL proposal t o  NSF which i f  funded would c o l l a t e  
data from a l l  t h e  h i s t o r i c  and ongoing s t u d i e s  i n  t h e  park. O u r  p r o j e c t  w i l l  
d o v e t a i l  n i ce ly  w i t h  t h i s  work. 
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Fig.  1. Month ly  mean temperature range f o r  1947-1950 a t  the  1460 ft. 
(- )s 3850 ft. (-----), 5000 ft. (- -), and 6300 ft. 
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Monthly mean vapor pressure d e f i c i t  (mm Hg) a t  the  
and 6300 ft. ( - 0 -  ) s t a t i o n s  f o r  1947-1950 
(Stephens 1969). 
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